Introduction

25
World-wide pesticide use in crop production has constantly been increasing since the 1950s in total 26 amount and in quantities per unit area [1, 2] . Whereas in developed countries, mostly herbicides are 27 applied and the environmental impacts, e.g., fish toxicity, soil damage, are of major concern [3] [4] [5] [6] in 28 developing countries, the bulk of pesticides used are insecticides and fungicides and human mortality 29 and morbidity due to exposure to pesticides has become a concern as it significantly affects the 30 livelihood of small farmers [7, 8] .
31
Several tools have been developed to assess and reduce the impact of pesticides on the environment and 32 on human health [9] . Of special interest in our case is the development and use of models. A first string EXAMS, PIRANHA a/b/c (see [14] for a review). Other models, such as empirical curves, focus on 38 pesticide airborne or drift deposition and were developed in the temperate region for terrestrial 39 mechanized boom sprayers [15] [16] [17] [18] [19] . Some of these models perform optimally after calibration for the 40 case of hand-held knapsack sprayers, mostly used in developing countries in the tropics, recently 41 demonstrated by . More sophisticate models focusing on pesticide exchange Be-WetSpa-Pest 1 : Model structure. Figure 1 farmers from the study area do not apply pesticides). In addition, the first application date in a cycle 143 must be on a Tuesday (on even applications), and the application time must be between 06:00 and 17:00,
144
i.e. the time in which farmers usually work in the fields (see section 4.2 of 02_Supporting information).
145
The empirical data on pesticide use per farmer and plot proceed from the survey of 25% of the registered trousers and a T-shirt covered by a "ruana" or "poncho".
206
Pesticide fraction deposited on the leaves (canopy) P L : P L in Eq. 3 depends, besides the amount of 207 pesticide drifted away and the amount landing on the applicator, on the leaf area covered and thus on the 208 growth stage of the plant,
where v i is the interception fraction and represents the growth stage of the plant [63] .
211
Pesticide reaching directly the soil (P S ): P S is calculated as the balance from the total amount of pesticide 212 applied and the pesticide reaching the other compartments,
After the plot is treated, the applied pesticide is redistributed in the environment and degraded. The information and coefficients in 01_Supporting information Table 2 ). Pesticide loss through macropore 220 flow and tillage (considered in PestLCI 2.0) is not modelled but could be incorporated into the model.
Case study. Be-WetSpa-Pest was implemented in a typical Andean mountainous region, the department 227 ("Departamento") of Boyacá, which contributes to ca. 26% of the national potato production and to 45% 228 at regional level despite its low productivity, and its land tenants are mainly smallholders (95% of the 229 workforce) [20, 70] . The same area of study has been focus of recent studies on human and 230 environmental exposure from hand-held knapsack pesticide applications [20,39,40,44,45, 231 52,53,60,61,62,64,69] . The study area Vereda La Hoya has 840 ha and is located in the district La Hoya 
239
The moisture regime of the soil is ustic and soil texture according to US-Soil taxonomy is sandy loam as 14 All scenarios simulate fungicide and insecticide application over 4 agricultural cycles of potato 294 production (see Table 4 and The baseline scenario. Figure 4 shows the simulation results for a specific plot of the active ingredient
301
Mancozeb funguicide (C8H12MnN4S8Zn), an ethylenebisdithiocarbamate (CAS Number:8018-01-7).
302
On the top X-Axis and the right Y-Axis, precipitation on the plot is depicted, on the lower X-Axis and starts. This is not only due to the application itself, but also to the withering and degradation of the Mancozeb concentrations (between 4-8 kg/ha), in the green plots no pesticides were applied at all. Figure 6 shows the total amount of active ingredient of two fungicides and two insecticides applied in 334 the total area during one cycle (140 days) for the baseline and the two scenarios mentioned above.
335
Regarding the insecticides, Carbofuran and Permethrin, almost no differences can be found between the 336 scenarios, implying that these policy measures will not be effective in reducing exposure to pesticides in (01 -Supporting information: Table 1, Table 2, Table 3, Table 4 , 
